Strain CIP 82.01 of Vibrio alginolyticus and strain 1.029 (previously designated "Achromobacter iophagus") were compared. Strain 1.029 produces a collagenase of high specific activity (Achrornobacter collagenase; EC 3.4.24.8). Collagenase production is induced in strain CIP 82.01 by collagen or macromolecular fragments of collagen in a manner similar to collagenase induction in strain 1.029; caseinolytic proteinase is constitutive. In this study we demonstrate that both strains also produce a constitutive extracellular endonuclease. Collagenases from both strains cleave either native collagen in its helical region or a similar synthetic peptide; both enzymes are inhibited by ethylenediamine tetraacetate, but not by diisopropyl fluorophosphate. The collagenase subunit (molecular weight, 35,000) of strain CIP 82.01 is similar in amino acid composition to the subunit of the strain 1.029 enzyme, although some of the aspartic and threonine residues in strain CIP 82.01 are replaced by glutamic and serine residues in strain 1.029. Surface radioiodination followed by two-dimensional electrophoresis showed that there are quantitative differences in the major outer membrane proteins of the two strains. Strains CIP 82.01 and 1.029 differ qualitatively in resistance to ampicillin and carbenicillin, in cellobiose fermentation, in ornithine decarboxylase activity, and in halophilism. We propose that strain 1.029, which was originally designated A . iophagus, be included within the species V. alginolyticus, but that this organism be distinguished from other strains of this species by the designation Vibrio alginolyticus chemovar iophagus, with the corresponding collagenase designated "iophagus collagenase" (EC 3.4.24.8).
In 1973, Welton and Woods isolated and described the gram-negative aerobic bacterium Achromobacter iophagus (34) . In the presence of collagen or macromolecular fragments of collagen (15), a subculture of this organism (strain 1.029) produces a collagenase having a very high specific activity (12, 20) . The structural and functional properties of this Achromobacter collagenase (EC 3.4.24.8), as well as the metabolism of strain 1.029, have been described in a series of papers by Woods et al. (21, 26, 27, 29, 35) and by workers in our laboratory (4, 10, 11, 13, 14, 19, 30) .
In a recent study (27) , which confirmed the original observation of collagenase induction by macromolecular collagen fragments (15) , Achromobacter iophagus was reclassified as a strain of Vibrio alginolyticus; however, a direct experimental comparison of strain 1.029 with a welldefined wild-type strain of V . alginolyticus has been lacking. It is well established that the other strains of the Vibrionaceae (23, 31) can be induced (by collagen and fragments of collagen) to produce collagenolytic and gelatinolytic enzymes.
We undertook a comparative study to determine the differences between strain 1.029 isolated from a random selection of cured hides in South Africa (34) and a wild-type strain (strain CIP 82.01) of V . alginolyticus from a different geographical location (Madagascar) (28) . Our results suggest that although V . alginolyticus CIP 82.01 from Madagascar and strain 1.029 can be considered two strains of the same species, distinct biochemical differences do exist.
MATERIALS AND METHODS
Abbreviations. SDS, Sodium dodecyl sulfate; EDTA, ethylenediaminetetraacetic acid; Tris, tris(hydroxymethy1)aminomethane; Pz, phenylazobenzyloxycarbonyl; ASF, partial peptic hydrolysate of collagen.
Strains, media, and growth conditions. Strain 1.029 (Collection Institut Pasteur, Paris, France) is a subculture of the microorganism originally described as "A. iophagus" by Welton and Woods (34) . Strain CIP 82.01 (Collection Institut Pasteur, Paris) of V. alginolyticus was isolated from a coastal seabed sediment in Madagascar and was identified by Richard and Lhuillier (28) . Cells were grown with agitation and forced aeration (1.4 atmospheres [1.51 dyn/cm2]) at 30°C in 0.1 M Tris-hydrochloride (supplemented with 0.4 M NaCl and 2 mM CaCl,; pH 7.6) containing either 2.5% Casamino Acids (Difco Laboratories, Detroit, Mich.) or 1.5% ASF (peptic fragments of calf skin collagen; average molecular weight, 7,000; Rousselot SA, Paris, France). For growth control, turbidity was measured by absorbance at 600 nm (1-cm light path) in samples withdrawn at l-h intervals.
Enzyme assays. Collagenolytic activity was measured colorimetrically as described by Wunsch and Heidrich (36) , using Pz-Pro-Leu-Gly-Pro-D-Arg (Fluka, Buchs, Switzerland) as the substrate. The results are expressed in nanokatals (nkat; 1 nkat = 1 nmol of substrate per s = 90 U, according to Wunsch and Heidrich [36] ). Degradation of native calf skin collagen by purified collagenase was measured by changes in the negative Cotton effect monitored at 215 nm by optical rotatory dispersion, as described by Keil et al. (11) . Collagen (calf skin; type 111; Sigma Chemical Co., St. Louis, Mo.) was dissolved in 50 mM Trishydrochloride buffer supplemented with 5 mM CaCl, and 0.4 M NaCl (pH 7.6) to a final concentration of 1.86 mg/ml. Changes in residual specific rotation were measured with an ORD apparatus (FICA, Paris, France) at 30°C in a 3-ml cuvette.
Neutral proteinases were evaluated spectrophotometrically by using casein (E. Merck AG, Darmstadt, West Germany) as the substrate (18) . Endonuclease activity was measured by the method of Kunitz (17); substrate deoxyribonucleic acid and deoxyribonuclease were purchased from Boehringer, Mannheim, West Germany.
Collagenase purification. The culture medium was concentrated, and the collagenase was purified as described previously (12, 20) . After centrifugation, a culture supernatant was concentrated at 4°C by ultrafiltration, and the resulting concentrate was applied to a column of DE-32 cellulose (Whatman). Collagenasecontaining fractions obtained by gradient elution were stabilized by adding 0.1 M histidine, concentrated by ultrafiltration (type UM-10 membrane; Amicon Corp., Lexington, Mass .) and lyophilized. The collagenase was then rechromatographed on DE-32 cellulose, dialyzed, and lyophilized.
Molecular weight and amino acid analyses. Molecular weights were estimated by SDS-polyacrylamide electrophoresis, using the method of Ames (1). Samples were denatured by heating them in a boiling bath 1% 2-mercaptoethanol for 3 min; elution was performed with 25 mM Tris-hydrochloride-0.2 M glycine buffer (pH 8.3) supplemented with 1% SDS.
Amino acid analyses were performed fluorimetrically by using a modified automatic amino acid analyzer (Locarte Co., London, Great Britain) and o-phthalaldehyde (2). Proteins were hydrolyzed under a vacuum for 24 h in 6 N HC1 at 110°C.
Inhibition assays. Solutions of enzyme in 0.1 M Trishydrochloride buffer (pH 7.0) were incubated in presence of inhibitors for 1 h at 20°C.
Radioiodination and sample solubilization. To assure a correct comparison of the two strains, the outer membrane proteins were radioiodinated under rigorously identical conditions, as described previously in a study dealing with strain 1.029 (13) . The lactoperoxidase-glucose-glucose oxidase iodination procedure was used (8), with the following modifications. A sample of a bacterial culture was diluted to a final absorbance of 5.0. Then 1 ml of this diluted sample was centrifuged, and the resulting pellet was washed and suspended in 1.5 ml of fresh medium containing 5.5 M glucose. Then 10 pg of glucose oxidase (228 U/mg), 10 pg of lactoperoxidase (67 U/mg; Sigma), and 1 mCi of carrier-free Na1251 (100 Ci/liter; Amersham Corp., Arlington Heights, Ill.) were added. Iodination was performed at room temperature for 20 min with constant agitation. The reaction was stopped by adding 10 ml of phosphate-saline buffer (0.2 M NaCl, 2.6 mM KC1, 3.2 mM Na2HP04, 1.4 mM KH2P04, pH 7.4) containing 0.15 M unlabeled KI, and the suspension was then centrifuged at 12,000 x g for 10 min. After the resulting pellet was washed in the same buffer, it was dissolved in 100 pl of lysis buffer containing 9.5 M urea, 2% (wt/vol) Nonidet P-40, 2% (vol/vol) ampholines (pH range, 4 to 6; Servalyt), and 5% (volivol) 2mercaptoethanol.
Two-dimensional polyacrylamide gel electrophoresis. The procedure of O'Farrell (24) was modified as described below.
For the first-dimension separation by isoelectric focusing, gels (0.25 by 10.5 cm) were prepared by using ampholines with a pH range of 4 to 6. A sample was loaded onto each gel, and the gels were run at 300 V overnight. Then the gels were equilibrated for 30 min in 10 ml of buffer containing 62.5 mM Trishydrochloride (pH 6.8), 10% glycerol, 5% SDS, 5% 2-mercaptoethanol, and 0.1% bromophenol blue. For separation in the second dimension on SDS-polyacrylamide gels, the following molecular weight marker proteins were applied to each gel: phosphorylase b (molecular weight, 96,000), bovine serum albumin (68,000), aldolase (subunit) (40,000), and chymotrypsinogen (25,000). Electrophoresis was performed at a constant current of 40 mAlgel.
Gels were stained with Coomassie brilliant blue and destained in 45% methanol-10% acetic acid. The dried gels were exposed to Kodak X-ray film.
Immunochemical assays. Antibodies against pure collagenase from strain 1.029 were a gift from V . KeilDlouha. For the double-diffusion assay (25), we used a solution containing 1 mg of collagenase per ml. Immunoelectrophoresis (5) was performed in a slab (length, 9 cm) of 1% agar gel in 5 mM Veronal buffer (pH 8.2); the electrode buffer was 50 mM Veronal. Samples were run for 45 min at 80 V.
RESULTS

Bacteriology of V . alginolyticus strains.
Both strain CIP 82.01 and strain 1.029 are aerobic or facultatively anaerobic, gram-negative, rodshaped bacteria (length, 2 to 2.5 pm; width, 1 to 1.5 pm) that are motile by means of a simple polar flagellum. They form round, yellow colonies that are 2 to 3 mm in diameter after overnight incubation at 30°C on thiosulfate-citratebile-sucrose medium.
Both strains produce positive responses in the following assays: cytochrome oxidase; VogesProskauer reaction; indole production; lysine decarboxylase; gelatinase (film assay); Tween 80 esterase ; tetrathionate reductase; nitrate reduction; acid production from glucose, maltose, mannitol, sucrose, trehalose, mannose, and glycerol; and citrate (Simmons) utilization. As determined by the disk assay, they are both susceptible to aminoglycosidic antibiotics, chloramphenicol, tetracycline, colistin, rifampin, sulfonamides, nalidixic acid, nitrofurantoin, and vibriostatic agent Oh29 (2,4-diamino-6,7-diisopropylpteridine phosphate). Both strains are resistant to trimethoprim.
Both strains give negative responses in the following assays: methyl red reaction; arginine dihydrolase ; urease ; phenylalanine deaminase ; o-nitrophenyl-P-D-galactopyranoside assay; H2S production (Kligler iron agar); glucose gas production; and acid production from xylose, arabinose, adonitol, rhamnose, sorbose, sorbitol, dulcitol, lactose, inositol, salicin, raffinose, mellibiose, a-methylglucoside, and mucate. Neither strain utilizes malonate. Strain 1.029 is markedly more halophilic than strain CIP 82.01, with optimum growth occurring in 13% NaCl and apparent tolerance to 15% NaCl. Strain 1.029 is also fully resistant to ampicillin and carbenicillin and partially resistant to cephalothin, antibiotics to which strain CIP 82.01 is susceptible. We also observed differences in the results of ornithine decarboxylase and cellobiose fermentation assays (negative for strain CIP 82.01, but positive for strain 1.029).
Nuclease, proteinase, and collagenase production. The two strains were grown either in medium containing 2.5% Casamino Acids (Fig. 1A ) or in the same medium for 2 h and then in medium to which ASF collagenase inducer was added to a final concentration of 1.5% (Fig. 1B  and C) . Both strains produced extracellular nuclease and caseinolytic proteinase independently of the presence of the inducer. In contrast, collagenase appeared in both cultures only when the medium contained ASF; after 3 h the collagenase level increased to 60 nkat/ml for strain 1.029 and to 80 nkat/ml for strain CIP 82.01.
All three of the enzymes described above reached a maximum of activity, and then their levels decreased due to prateolysis. The samples used for isolation of collagenase were withdrawn at the point of maximum activity (Fig. 1B and   C) .
Differences in outer membrane proteins. Samples were withdrawn from the cultures during the exponential phase of growth ( Fig. 2A and C) and after induction by ASF (Fig. 2B and D) . Two independent experiments gave essentially identical results. We found an average of 15 major outer membrane proteins; these proteins had isoelectric points at pH 5 to 7 and molecular weights that varied from 30,000 to 90,000. The differences in the patterns of these proteins are discussed below.
Purification of collagenase from V . alginolyticus strain CIP 82.01. (Fig. 3) . The specific activity of the lyophilized enzyme on the peptide substrate was 0.7 kkat/mg; after rechromatography, the activity increased to 1.1 kkat/mg. Under identical conditions, purification of the collagenase from strain 1.029 gave an enzyme specific activity of 1.8 kkat/mg, which corresponds to the values obtained previously (12, 14) .
Inhibition and specificity of the collagenase from strain CIP 82.01. After incubation in M diisopropyl fluorophosphate for 1 h at 20°C, the enzyme lost only 7.3% of its original activity; in contrast, it was completely inhibited by l o w 2 M EDTA.
According to the optical rotatory dispersion assay (ll), active collagenase degrades the helical structure of native collagen at a rate of 1.9 mg/min per mg of enzyme (Fig. 4) . When the synthetic peptide Pz-Pro-Leu-Gly-Pro-D-Arg was used, the strain CIP 82.01 collagenase cleaved the same bond (Leu-Gly) as the strain 1.029 collagenase (11); the specific activity on this substrate was 1.1 pkat/mg (66 pmol/min per mg). Molecular weight and amino acid composition of the collagenase subunit. On SDS-polyacrylamide electrophoresis gels, the collagenase from strain 1.029 gave one major band of dimeric enzyme (molecular weight, 70,000), a minor band of the enzyme-peptide complex (molecular weight, 80,000) (14), a subunit (molecular weight, 35 ,OW), and traces of decomposition products (Fig. 5 , lane B) . The corresponding enzyme from strain CIP 82.01 gave more complex results (Fig. 5, lane A) ; apart from the appearance of major bands at molecular weights of 65,000 and 70,000, the gel contained a number of bands from low-molecular-weight products that were indicative of deep degradation.
v. ALGINOL YTICUS SURFACE PROTEINS AND ENZYMES
Collagenase from strain CIP 82.01 was dissociated by incubation with M EDTA, as described previously for strain 1.029 collagenase (14). The products obtained after this treatment were separated by preparative slab gel electrophoresis. The major band at a molecular weight of 35,000 was electroeluted and subjected to reelectrophoresis (Fig. 5, lane C) . The homogeneous band of the subunit was electroeluted, the protein was hydrolyzed, and the amino acid composition of the protein determined. In Table  2 the results of this analysis are compared with the amino acid compositions of the subunit of Achromobacter collagenase (strain 1,029) (14), of thermolysin, and Bacillus subtilis neutral proteinase.
Immunochemical comparison. The collagenase from strain CIP 82.01 cross-reacted with antibodies against pure collagenase from strain 1.029 in the Ouchterlony assay (Fig. 6A) . We wanted to determine whether the minor components of collagenase revealed by SDS-polyacrylamide electrophoresis represented a mixture of heterogeneous proteins or degraded forms of the enzyme. Several bands resulting from immunoelectrophoresis of the same preparation crossreacted with the purified antibodies against pure strain 1.029 collagenase (Fig. 6B) .
DISCUSS ION
Both strain 1.029 and strain CIP 82.01 are in conformity with the taxonomic description of V . alginolyticus. However, these two strains differ in the following ways: resistance to beta-lactam antibiotics, cellobiose fermentation, ornithine decarboxylase activity, and tolerance to high saline concentrations. Optimum growth of strain 1.029 occurs in the presence of 13% NaCl, and tolerance to 15% NaCl has been observed, which suggests long evolutionary adaptation of an original marine organism to the high saline concentration of an inland sea.
Two-dimensional mapping of radioiodinated cell surface proteins allowed us to distinguish species and strain differences, as well as changes in membrane components under different phys-EMOD ET AL.
INT. J. SYST. BACTERIOL. iological conditions. Thus, the patterns of outer membrane proteins accessible to iodination in the two strains examined in this study are qualitatively similar; however, we did observe reproducible quantitative differences (Fig. 2) . In the exponential phase of growth and in the absence of inducer, proteins 10, 12, and 14 are predominant on the surface of strain CIP 82.01, whereas these proteins are minor proteins in strain 1.029; in contrast, proteins 7, 11, 13, and 15 of strain 1.029 exist only in trace amounts in strain CIP 82.01.
The induction of collagenase by collagen or fragments of collagen has been observed previously in strain 1.029 ("A. iophagus") (14), as well as in Vibrio parahaemolyticus (31) and Vibrio sp. strain B-30 (23). Our results show that V . alginolyticus strain CIP 82.01 also responds promptly to added inducer, with increased production of collagenase (Fig. 1B) . Simultaneously, outer membrane protein 4 and particularly protein 12 (which is a major protein) become very prominent (Fig. 2C and D) . This effect is even more pronounced in strain 1.029 (Fig. 2B ). An independent study (13) demonstrated that surface protein 12 of this strain binds selectively to collagen, suggesting that it could represent a receptor protein for the inducer. The increase in the amount of protein 12 in both strains during induction indicates that regardless of the quantitative differences in the outer membrane proteins of strains CIP 82.01 and 1.029, the induction mechanisms may follow similar pathways.
Observations of nuclease activity, which were made during preliminary bacteriological characterization of V . alginolyticus, prompted us to monitor extracellular endonuclease activity during culture of both strains (Fig. 1) . This activity appears in the culture medium simultaneously with caseinolytic activity. The in vitro specificity of this response, as revealed with partially purified endonuclease from strain CIP 82.01, showed deep degradation of polymerized deoxyribonucleic acid; no restriction enzyme activity could be detected (R. Nageotte, unpublished data).
When the purification procedure used routinely for Achromobacter collagenase (12, 20) was used with strain CIP 82.01, less satisfactory results were obtained; although the activity in the culture medium was high (Fig. lB) , the yield and the specific activity of the final enzyme product were low ( Table 1) . SDS-polyacrylamide gel electrophoresis of this product revealed two major components (molecular weights, 65,000 and 70,000) and a series of lowmolecular-weight fragments resulting from proteolytic degradation (Fig. 5 , lane A) .
The instability of bacterial collagenases, particularly in the latter stages of purification, is well known (3, 16, 20) . Multiple forms of the enzyme are produced by autolysis or by the action of other proteinases; homogeneous collagenase from Clostridiurn histolyticum can be isolated only when all traces of other proteinases, particularly clostripain, are removed (3), and strain 1.029 produces simultaneously with collagenase a mixture of neutral proteinases (15, 20) . Moreover, autolysis of collagenase in solution yields partially degraded and still enzymatically active forms, which differ in electrophoretic mobility (12). Thus, the relatively lower yield and homogeneity of the collagenase from strain CIP 82.01 compared with the collagenase from strain 1.029 could be consequences of a higher concentration of the enzyme in the culture, of differences in the production of other proteinases by the particular strains, or of increased structural lability of the collagenase; experiments to answer these questions were outside the limits of this comparative study.
The collagenases from strains CIP 82.01 and 1.029 degrade the helical region of native collagen; both cleave the same bond in the synthetic nases from both strains are fully inhibited by EDTA, they should be considered metalloproteinases (EC 3.4.24). The similarities in the structures of the two enzymes are also shown by the fact that inactivation of strain CIP 82.01 collagenase by EDTA is followed by the appearance of a subunit having a molecular weight of 35,000 (Fig. 5 , lane C), a process described previously for the Achrornobacter (strain 1.029) enzyme (14) . The results of the immunochemical assays reported here demonstrate that the two collagenases contain a number of identical antigenic determinants ( Fig. 6A and B) . The numerous bands of cross-reactivity shown by immunoelectrophoresis of strain CIP 82.01 collagenase with antibodies against strain 1.029 collagenase suggest the presence of some partially degraded forms of the enzyme, in which the major determinants are conserved. Previous studies have shown that the subunit of Achromobacter collagenase (strain 1.029) may be structurally similar to the neutral proteinases recovered from Bacillus thermoproteolyticus (thermolysin; EC 3.4.24.4) and B. subtilis (10) . This association is based on a comparison of molecular weights, amino acid compositions (9, 14, 32) , essential components of the enzyme active sites (7, 33) , and circular dichroism measurements (6). However, a comparison of the amino acid compositions of the purified subunits of strain CIP 82.01 and 1.029 collagenases with the amino acid compositions of thermolysin and B . subtilis neutral proteinase (Table 2) indicates that the Vibrio collagenase preparations are very similar and differ somewhat from the proteinases. Some differences are apparent in the two Vibrio collagenases; higher levels of serine and glutamic acid (glutamine) residues in strain CIP 82.01 collagenase are compensated for by proportionally lower levels of threonine and aspartic acid (asparagine) residues in strain 1.029 collagenase. This in turn indicates some differences in the primary structures of the polypeptide chains. Such genetically based structural differences in proteinases from different wildtype strains within a given species have been demonstrated in B . subtilis subtilisins (EC 3.4.21.14) (22) .
On the basis of the results reported here, it is apparent that strain CIP 82.01 of V. alginolyticus and strain 1.029, which was originally designated " A . iophagus," are closely related organisms and belong to the same species ( V . alginolyticus). Nevertheless, difference.s in the collagenases produced by these two strains indicate that the organisms are not identical. Therefore, we suggest the name Vibrio alginolyticus chemovar iophagus for strain 1.029 and the name iophagus collagenase for the corresponding enzyme.
